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Abstract 
Marine Accident investigation multidimensional and complex, so this study aimed to provide a systematic 
approach to determining the degree of the most influential parameters (dimensions) in accident occurrence 
in order to improve marine safety in the direction of good governance. In this paper, two-phase procedures 
are proposed. The first stage utilizes the fuzzy Delphi method (FDM) to determine the critical factors of 
Marine Accident Investigation by interviewing the pertinent authorities. In the second stage, the fuzzy 
analytic hierarchy process (FAHP) is applied to pair fuzzy numbers as measurable indices and finally to 
rank by degree each influential criterion within accident investigation. This study considers  1 goal, 4 
aspects, and 31 criteria (parameters) and establishes a ranking model that allows decision-makers to assess 
the  prior  ordering  of  reasons  and  sort  by  the  most  effective  parameters  involved  in  marine  accident 
occurrence.  The  empirical  study  indicated  that  "People,  working  and  living  conditions,  effect"  is 
considered the highest ranking aspect, and "Ability, skills, and knowledge of workers" is considered the 
most important evaluation criterion overall by experts. These results were derived from fuzzy Delphi 
analytical  hierarchy  processing  (FDAHP).  A  demonstration  of  the  prior  ordering  of  accident-causing 
parameters  by  authorities  was  addressed  as  well.  Therefore,  ranking  the  priority  of  every  influential 
criterion (parameter) will help marine transportation decision makers emphasize the areas in which to 
improve in order to prevent future marine accidents.  
 
Keywords: Marine Accident, Accident Investigation, Good Governance, Analytic Hierarchy Process (AHP), Fuzzy 
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1 Introduction 
An efficient marine accident investigation is aimed at preventing an accident from being repeated in the 
future. Accidents are rarely simple and almost never result from a single cause. Most accidents involve 
multiple, interrelated causal factors. They can occur whenever significant deficiencies, oversights, errors, 
omissions, or unanticipated changes are present [4]. Any one of these conditions can be a precursor for an 
accident; the only uncertainties are when the accident will occur and how severe its consequences will be. 
To conduct a complete accident investigation, the parameters (factors) contributing to an accident must be 
clearly  understood.  Management  prevents  or  mitigates  accidents  by  identifying  and  implementing  the 
appropriate controls and barriers [15]. 
Those parameters involved in marine accidents include, but are not limited to, the following:  
(A) Controls (e.g. rules/regulations, procedures, training, etc.), which help prevent errors or failures that 
could result in an accident; (B) Barriers (e.g. onboard emergency systems, contingency plans), which help 
mitigate the consequences of potential errors or failures. Barriers to protect targets against loss can be 
physical barriers, such as machine guards and railings, or management barriers, such as work procedures, 
hazard analysis, requirements management, line management oversight, and communications [7]. 
In a work environment, several barriers may be used in an effort to prevent accidents. Proper decision 
modelling of marine accident parameters could help reduce both human loss and environmental pollution 
from ships, thus maximizing efficiency on both environmentally-friendly and economic levels.  
This study identified influential criteria by interviewing knowledgeable experts who have been involved in 
Marine Accident Investigation in Iran [11]. 
According to the SOLAS (74) " Safety Of Life At Sea Convention 1974 as amended" convention, each 
contracting government is responsible for carrying out proper Marine Accident Investigation processes and 
for keeping records for future use in preventing marine accidents. Lessons can be learned from each 
individual inspection.  
Ranking  the  causal  elements  or  reasons  of  a  marine  accident  will  contribute  not  only  to  the  good 
governance process, but also to environmental protection [6], [35].  
This paper introduces a model which uses experts‟ ideas on ranking each parameter which plays a role in 
marine  accident  occurrence.  At  present,  the  most  important  model  for  analyzing  marine  accident 
causations recommended by IMO "International Maritime Organization (IMO)" is the SHEL "Software, 
Hardware, Environment, Life ware (SHEL)" model which analyzes the software, hardware, environment 
and life ware, surrounding a marine accident. The model does not rank the degree of effectiveness of each 
parameter. The FDAHP "Fuzzy Delphi Analytical Hierarchy Process" approach provides for scientific 
decision making in marine accident investigations by providing reliable factors to decision makers [27]. 
 
2 Literature Review 
2.1. Good Governance 
Collely,  John  L,  Doyle,  Jacqueline  L,(2003)  and  Osborne,  (2009),  listed  the  characteristics  of  good 
governance, which is now considered a management paradigm, as follows: 
 
A. Accountability: the key for good governance. Decision makers are accountable to those affected by a 
decision and its implementation. Accountability cannot be enforced without transparency and the rule of 
law [8]. 
 
B. Responsiveness: the concerns of those who are affected, those who implement, and those who integrate 
the formulation of the decision. To be responsive is also to provide feed back and address grievances 
spontaneously. Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  3 of 17 
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C. Transparency: indicates free and direct access to information for those affected by the decision. It also 
means  that  the  decisions  are  made  and  enforced  with  strict  adherence  to  the  established  rules  and 
regulations. 
 
D. Citizenship Satisfaction: the most vital quality and the degree of satisfaction of those involved. 
The  Multiple  Criteria  Decision  Making  (eg.  FDAHP)  is  a  scientific  approach  to  implementing  good 
governance as this study tries to highlight. 
 
2.2. Marine Accident Investigation 
2.2.1 Responsibilities of States 
Each state shall cause an inquiry to be held by or before a suitably qualified person into every casualty or 
incident of navigation on the high seas involving a ship flying its flag and causing loss of life or serious 
injury to nationals of another state or serious damage to ships or installations or another state or to the 
marine environment. The flag state and the other state shall cooperate in conducting any inquiry held by 
the other state into any such marine casualty or incident of navigation "Article 94, Duties of the flag state, 
provides in paragraph 7, (United Nation Convention on Law of Sea)" [23].  
The objective of any marine casualty investigation is to prevent similar casualties in the future. 
Investigations identify the circumstances of the casualty under investigation and establish the causes and 
contributing factors by gathering and analyzing information and drawing conclusions. Ideally, it is not the 
purpose  of  such  investigations  to  determine  liability  or  apportion  blame,  however,  the  investigating 
authority should not refrain from fully reporting the causes because fault or liability may be inferred from 
the findings. 
Over the years, as a result of some major accidents, some existing international instruments have changed 
and others have been created specifically to deal with various aspects of marine casualties. The most 
important ones are mentioned here. One in particular, (IMO Casualty Investigation Code), that is central. 
These are: 
a)  UN Convention on the Law of the Sea (UNCLOS) 
b)  IMO Conventions 
c)  IMO Assembly Resolutions 
d)  IMO MSC Circulars and Codes 
e)  International Labor Organization (ILO) Conventions 
The main objective of any marine casualty investigation is to prevent similar cases by discovering the 
reasons  behind  the  casualty  and  then  promulgating  action,  information,  and  recommendations  where 
appropriate. Other benefits and reasons for investigations include: 
1)  Improved design,  
2)  Improved operational and safety procedures, 
3)  Improved work environment, and 
4)  Improved safety awareness. 
It is important that any recommendation arising from an investigation be based on sound analysis and 
capable of practical implementation. 
Therefore, it follows that any casualty, whether simple or major, can be the subject of a marine casualty 
investigation. A simple personnel incident with the potential for learning something which could prevent 
recurrences  might  be  worth  investigating  thoroughly,  while  a  major  collision  resulting  from  a 
straightforward inappropriate application of the COLREGS "Collision Regulation at Sea" might not show 
anything  new.  Another  collision  might  require  an  investigation  into  fatigue,  management  procedures, 
training,  certification,  and  bridge  design.  The  depth  to  which  each  reported  casualty  needs  to  be 
investigated should be assessed on its merits [2], [15], [23], [24]. Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  4 of 17 
http://www.ispacs.com/journals/jfsva/2014/jfsva-00186/ 
 
 
International Scientific Publications and Consulting Services 
2.2.2 What is a Marine Causality or Accident? 
Marine casualty means an event that results in any of the following (IMO Resolution A.849 (20) adopted 
on 27 November 1997):  
a)  the death of, or serious injury to, a person that is caused by, or in connection with, the operation of a 
ship; or 
b)  the loss of a person from a ship that is caused by, or in connection with, the operation of a ship;or 
c)  the loss, presumed loss, or abandonment of a ship; or 
d)  material damage to a ship; or 
e)  the stranding or disabling of a ship, or the involvement of a ship in a collision; or 
f)  material damage being caused by, or in connection with, the operation of a ship; or 
g)  damage to the environment brought about by damage to a ship or ships being caused by, or in 
connection with, the operation of a ship or ships. 
It was reported that 61 seafarers lost their lives on commercial vessels operating in and around EU waters 
in 2010 (compared with 52 in 2009 and 82 in both 2008 and 2007). The majority were lost in accidents 
involving fishing vessels (33%), while accidents on general cargo ships accounted for 28% of lives lost in 
2010 (European Maritime Safety Agency, Maritime Accident Review, 2010). 
According to the Iranian maritime authorities more than 100 vessels had accidents during 2012 resulting in 
a loss of life, an environmental impact, and ship and cargo damages [5], [1], [30], [35]. 
 
2.3. Historical overview of accident investigation 
The sinking of the passenger liner SS "Stem Ship" Titanic in 1912 made shipping safety a matter of public 
concern and later led to the development of the first SOLAS Convention in 1929 and the formation of an 
international  organization  responsible  for  the  safety  of  international  shipping,  now  known  as  the 
International Maritime Organization (IMO). Thereafter, it became greatly important to evaluate the reasons 
behind each marine incident. The IMO established codes and guidelines for effective marine accident 
investigation  and  a  databank  to  collect  information  about  accidents  worldwide.  Marine  accident 
investigation came to the attention of the entire maritime community, especially government authorities. 
  
3 Validity and Reliability 
Warwick and Linninger (1975) pointed out that there are two basic goals in questionnaire design. 
1. To obtain information relevant to the purposes of the survey. 
2. To collect this information with maximal reliability and validity. 
How  can  a  researcher  be  sure  that  the  data  gathering  instrument  being  used  will  measure  what  it  is 
supposed to measure and will do this in a consistent manner? This question can only be answered by 
examining the definitions and methods of establishing the validity and reliability of a research instrument.  
 
3.1. Validity 
Validity can be defined as the degree to which a test measures what it is supposed to measure. There are 
three  basic  approaches  to  validating  tests  and  measures  as  shown  by  Mason  and  Bramble  (1989). 
Questionnaire validity is obtained by KMO and Bartlett's Test using SPSS19 software. 
 
3.2. Reliability 
The reliability of a research instrument concerns the extent to which the instrument yields the same results 
on repeated trials. Although unreliability is always present to a certain extent, there will generally be a 
good deal of consistency in data gathered at different times with a quality instrument. The tendency toward 
consistency found in repeated measurements is referred to as reliability (Carmines and Zeller, 1979). In 
scientific research, accuracy in measurement is of great importance. Scientific research normally measures Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  5 of 17 
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physical attributes which can easily be assigned a precise value. Many times the numerical assessments of 
humans‟ mental attributes are accepted as readily as those of their physical attributes. Although we may 
understand that the values assigned to mental attributes can never be completely precise, the imprecision is 
often  looked  upon  as  being  too  insignificant  to  be  of  any  practical  concern.  The  magnitude  of  the 
imprecision is much greater in the measurement of mental attributes than in that of physical attributes, 
however; thus it is essential that the social sciences and humanities researcher determine the reliability of 
the data gathering instrument to be used (Willmott and Nuttall, 1975). The reliability of a questionnaire is 
obtained using Cronbach's Alpha Test with SPSS19 software. 
  
4 Methodology  
The current study contained two stages. The first stage established the key parameters for evaluation of 
marine accident analysis and used FDM by consulting experts from government sectors, academia, and 
shipping industries to select a criterion in order to find the important factors to be conceded. We selected 
four  organizations  which  are  involved  in  maritime  activities,  namely  PMO  "Ports  and  Maritime 
Organization (Maritime  Authority in Iran)", IRISL  "Islamic Republic of Iran Shipping Line", NIOTC 
"National  Iranian  Oil  Tanker  Company",  and  two  universities  "Chabahar  Nautical  University  and 
Khoramshahr Marine Science and Technology University". The second stage was based on FAHP. High 
level experts of various sections were consulted to find the importance of various criteria in order to obtain 
the measuring index for selecting the effective degree of each parameter on a marine accident occurrence. 
Survey  methodology  was  used  to  gather  data  and  build  the  marine  accident  causal  criteria.  Before 
designing the survey, the evaluation criteria was gathered from literature studies and expert interviews. 
Based on the literature, the criteria of accident causal elements and prior research in related areas were 
combined, and 43 factors were generalized, from which 31 were selected as important constructs under 
four important aspects[3], [5].  
 
4.1. Fuzzy Delphi Method 
The fuzzy Delphi method was proposed by Ishikawa et al. (1993), and it was derived from the traditional 
Delphi technique and fuzzy set theory. Noorderhaben (1995) indicated that applying the fuzzy Delphi 
method to a group decision can solve the fuzziness of common understanding of expert opinions. As for 
the selection of fuzzy membership functions, previous research has generally been based on the triangular 
fuzzy  number,  trapezoidal  fuzzy  number,  and  Gaussian  fuzzy  number.  The  present  study  applied  the 
triangular membership functions and the fuzzy theory to solve the group decision. FDM was used to screen 
alternate factors in the first stage. By using the fuzzy theory, the fuzziness of common understanding 
between experts could be solved and evaluated on a more ﬂexible scale, and the efficiency and quality of 
questionnaires could be improved. Thus, more objective evaluation factors could be screened through the 
statistical results [28], [29].  
 
The FDM steps were as follows:  
1. Collect opinions of decision group: The evaluation score of each alternate factor‟s signiﬁcance given 
by each expert was found using linguistic variables in questionnaires. 
 
2.  Set  up  triangular  fuzzy  numbers:  The  evaluation  value  of  the  triangular  fuzzy  number  of  each 
alternate factor given by experts was calculated, and the signiﬁcance of the triangular fuzzy number of the 
alternate  factor  was  determined.  This  study  used  the  geometric  mean  model  of  mean  general  model 
proposed by Klir and Yuan (1995) for FDM to find the common understanding of group decision. The 
computing formula is illustrated as follows: 
 Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  6 of 17 
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Assuming the evaluation value of the signiﬁcance of No. j element given by No. i expert of n experts is wij 
(aij , bij , cij),  i =1, 2, ..., n; j =1, 2, ..., m, then the fuzzy weighting wj of No. j element is wj (aj , bj , cj),  j 
=1,2, ..., m 
aj= Mini(aij),  bj= 
 
  ∑      
    , cj= Maxi(cij)     
 
3. Defuzziﬁcation: The simple centre of gravity method was used to defuzzify the fuzzy weight wj of each 
alternate element to the deﬁnite value of Sj, and the following results were obtained: 
Sj = 
         
         j=1, 2, ..., m 
 
4. Screening of evaluation indexes: Finally, proper factors were screened out from numerous factors by 
setting the threshold a. The principle of screening is as follows:  
If Sj    , then No. j factor is the evaluation index.  
If Sj <  , then delete No. j factor. A schematic diagram of the fuzzy Delphi method threshold is shown in 
Fig. 1. 
  
 
 
 
 
 
 
 
 
 
 
 
4.2. Fuzzy Analytic Hierarchy Process 
Laarhoven  and  Pedrycz  (1983)  proposed  the  fuzzy  analytic  hierarchy  process  in  1983,  which  is  an 
application of the combined analytic hierarchy process (AHP) and fuzzy theory. The linguistic scale of the 
traditional AHP method can express the fuzzy uncertainty when a decision maker is making a decision. 
Therefore, FAHP converts the opinions of experts from previous deﬁnite values to fuzzy numbers, and 
membership functions present triangular fuzzy numbers in paired comparisons of matrices to develop 
FAHP; thus the opinions of experts approach the human thinking model, and more reasonable evaluation 
criteria are achieved [25].  
This study adopted the Similarity Aggregation Method (SAM) proposed by Hsu and Chen (1996) "A 
similarity  aggregation  method  (SAM)  aggregates  experts‟  opinions  in  a  linguistic  framework  using  a 
consensus weight factor for each expert that is based on the similarity of his or her opinion relative to the 
other experts to ensure that the experts‟ final decision  is a result of common agreement" to integrate 
experts‟ weight values for various evaluation criteria. The fuzzy weight fraction of criterion for each 
hierarchy was obtained through the calculating mode of FAHP, and then the sequence of signiﬁcance of 
each criterion was determined based on the hierarchy series connection and defuzziﬁcation mode [11].  
Laarhoven and Pedrycz (1983) proposed FAHP, which shows that many concepts in the real world have 
fuzziness. Therefore, the opinions of decision makers are converted from previous deﬁnite values to fuzzy 
numbers and membership numbers in FAHP so as to present them in an FAHP matrix.  
The steps of the current study based on the FAHP method are discussed below [25].  
 
 
  
 Figure 1: Schematic diagram of fuzzy Delphi method threshold   
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1. Determine problems: The current decision problems to be solved were determined, so as to ensure 
correct future analyses; this study discussed the „„evaluation criteria for Marine Accident Investigation”.  
 
2. Set up hierarchy architecture: The evaluation criteria which have indexes to be the criteria layer of 
FAHP, for the selection of evaluation criteria, relevant criteria, and feasible schemes, were determined 
through reading related literature and collective discussions. This study screened the important factors 
conforming  to  target  problems  through  FDM  investigating  experts‟  opinions  in  order  to  set  up  the 
hierarchy architecture (shown in Fig. 3). 
 
3. Set up fuzzy paired comparison matrices: The relative importance between factors given by decision 
makers in pairs was compared, paired comparison matrices were set up, and, after the deﬁnite values were 
converted to fuzzy numbers according to the definition in Table 1 and Fig. 2, the fuzzy evaluation values 
of experts were integrated based on the Similarity Aggregation Method (SAM) concept proposed by Hsu 
and Chen (1996) [11].  
 
4. Calculate fuzzy weight value: The characteristic vector value of the fuzzy matrix, namely the weight 
value of an element, was obtained. This study calculated these three positive and negative value matrices 
respectively by using the „„Column Vector Geometric Mean Method” proposed by Buckley (1985) [12]. 
 
5. Hierarchy series connection: All hierarchies in a series were connected to obtain the weights of all 
factors. 
The fuzzy numbers which were derived directly from experts‟ ideas were collected. In this study the 
triangular method was used; therefore a fuzzy number was defined according to relations numbers (1) to 
(4): 
 
(1)   α    ij=(αij, dij, gij) 
(2)   αij=Min(bijk), k=1,….n 
(3) dij=(∏    
    bijk)
1/n, k=1,….,n 
(4) gij=Max(bijk), k=1,….,n 
Fig.2 shows a typical fuzzy number which we have used in this study:       
In which bijk is the relative preference parameter “i” to parameter “j” from expert “k” view, αij and gij are 
the lower and upper limits of expert view, respectively, and dij is the geometric mean of experts‟ views. 
Therefore parameters are defined as such: αij≤dij ≤gij  
Then, according to the fuzzy numbers calculated as mentioned above, paired matrices between various 
parameters of the inverted matrices were set up for fuzzy numbers according to relation (5): 
(5)   Aij =]αij[,αij α ji ≈ 1,   i,j=1,2,3..... 
 
~  ~  ~  ~ 
  
αij 
)    
Figure 2: Schematic diagram of Fuzzy Delphi Method threshold (Liu and Chen, 
2007) 
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To calculate the fuzzy relative weight the following relations numbers (6), (7), and (8) were used: 
(6)  Z 
  =]αij ⊗ …….⊗ αij   [     
(7)  Zi =]αij ⊗ ……..⊗ αij[
-1    
(8)  Wi= Zi ⊗ (Zi⊕…….⊕ Zn) 
 
6. Defuzziﬁcation: The fuzzy numbers were converted to easily-comprehended deﬁnite values. This study 
adopted the geometric mean method proposed by Liu and Chen, (2007) to solve fuzzy numbers according 
to relation number : 
 
 
 
7. Sequencing: Defuzziﬁed criteria was sequenced [3]. 
 
Table 1: The definition of every fuzzy number 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Scale of fuzzy numbers 
 
 
5 Evaluating model application and results 
A) Reviewing relevant literature of Marine Accident Investigation and proposing important criteria: 
More  than  43  criteria  (parameters)  for  Marine  Accident  Investigation  based  on  a  review  of  relevant 
literature  (Liu  and  Chen,2007,  Begum,  Siwar,  Pereira,  &  Jaafar,  2006;  Emery,  Davies,  Grifﬁths,  & 
 (9)  Wi= (∏ 𝑊??   
𝑘   )  
1
3
 
Fuzzy number Definition  
1= (1,1,1)          Equally important 
3=(2,3,4)           Moderately more important 
5=(4,5,6)           Strongly more important 
7=(6,7,8)           Very strongly more important 
9=(8,9,9)           Extremely more important 
~  ~  ~ 
~  ~  ~ 
~  ~  ~  ~ 
1  ~ 
3  ~  5  ~  7  ~ 
9  ~ 
0     1       3       5         7       9   
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Williams,  2007;  Finn-veden,  1999;  International  Maritime  Organization  (IMO)  Resolution  A.849(20) 
adopted on 27 November 1997, IMO Resolution A.884(21) adopted on 25 November 1999, Lin, Lin, & 
Jong,2007) and the current Marine Accident Investigation approach were proposed. A brief definition of 
evaluating criteria of Marine Accident Investigation is presented in Table 2.  
 
Table 2: Operational type for defining 43 criteria 
Aspects  Criteria (Parameters)   Short Operational Definition 
 
O
rg
a
niza
t
io
n o
n bo
a
rd 
 
&  
 
Sh
o
re
-
s
ide ma
na
g
ement
 
(
A)
 
 
 
 
Division of tasks and responsibilities  Written job description, task analysis, responsibility allocation. 
Composition of the crew    Mixture of nationality of crew and their competence and training.  
Working hours (planned)  Schedule duty, day- or night-time workers.  
Workload / Complexity of tasks   Amount of paperwork, bureaucratic activities, etc. 
Rest hours (planned)   Sleep duration and time for recreation. 
Procedures and standing orders  Implementation methods of current written orders onboard. 
Communication   Internal and external communication procedures. 
On-board management and supervision    Written mechanisms which ensure work progresses correctly. 
Organization of on-board training   Organizing practical onboard training to update workers.  
Organization of on-board drills  Written procedures for carrying out drills onboard. 
Voyage, cargo and maintenance, planning  The procedure with which a voyage, cargo, or maintenance, etc. is planned. 
Policy on recruitment       Written procedure on how the company selects workers. 
Safety policy and philosophy   Written safety policy and training procedures including emergency drills.  
Management commitment to safety  Written procedure from high-level management indicating safety commitment. 
Amount of logistic support from shore   Written policy of organizational logistic support.  
Policy for workers motivation   Written policy of management procedures for motivating workers. 
Port scheduling  Plan for leaving or arriving at a port, staying in port, etc. 
Contractual arrangements   Contractual, industrial arrangements and agreements for all crew members. 
Assignment of duties  Assigning the duties to the involved workers. 
Ship-shore communication   Interaction with ports, headquarters, emergency stations, etc. 
Sh
ip f
a
ct
o
rs 
(
B
)
 
Design of ship and equipment   Quality of ship and equipment design. 
State of maintenance  Condition in which equipment Is maintained. 
Equipment   Availability, reliability, durability, and performance of equipment. 
Cargo characteristics  Securing, handling, and care of cargo, 
Certificates    Certificates for ship, equipment, machinery, etc… 
Ship type   Including cargo ship, crude oil carrier, ro-ro ship, passenger ship, etc. 
E
nv
iro
nm
e
nt 
 
(
C)
 
 
Weather and sea conditions  Internal and external climate, temperature, visibility, vibration, noise, etc. 
Port and transit conditions   Including vessel traffic service, pilots, port facilities, etc. 
Traffic density  Number of vessels coming and going in the area.  
Heavy weather conditions   Wind, rain, snow, typhoon, cyclone, etc.  
Representing agencies   Ship owners and seafarers representatives and agencies.    
Regulations, surveys, and inspections   International, national, port, classification societies, etc. 
 Shore side interaction   Interaction with stevedores, port officials, security measures in port area, etc.  
P
eo
ple & 
Wo
rking
 
a
nd
 
liv
ing
 
co
nd
it
io
ns
 
(
D)
 
Ability, skills, knowledge   The outcome of training, experience, education, professional certification, etc. 
Personality   Mental condition, emotional state, 
Physical condition   Sickness, medical fitness, drugs and alcohol, fatigue, etc. 
Sleep and its quality   Scheduled sleep and the area in which the sleep takes place.  
Personal abilities  Assigned duties with respect to personal abilities. 
Actual behavior at time of accident  Location, task performance, and attention at time of accident.  
Level of automation     Taking advantage of automatic instruments to perform tasks and duties.  
Ergonomic design   Working, living and recreation areas and equipment suitable for humans.   
Adequacy of living conditions   Opportunities for recreation, rest, sleep, etc. 
Adequacy of food  Food quality and quantity for workers to carry out their duties. 
 
B) Screening important criteria (parameters) with fuzzy Delphi method: This stage included three 
sections.  Firstly,  four  main  aspects  and  43  items  were  listed  as  the  key  evaluation  items  of  Marine 
Accident Investigation and an FDM interview framework was set up [22]. 
The second section comprised interviews with twenty experts from a national shipping company, the 
academic community, and competent government authorities in Iran. The Delphi method aims mostly to 
arrive at an easy, common understanding of group opinions by twice reviewing the questionnaire. The Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  10 of 17 
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FDM is formed by adding in the fuzzy theory, and it not only maintains the advantage of the Delphi 
method,  but  also  reduces  the  provision  times  of  questionnaires  as  well  as  the  cost  when  using  the 
traditional Delphi method [13], [34]. 
For the third section, the opinions of experts expressed in the FDM questionnaires were converted to 
triangular  fuzzy  numbers.  Defuzziﬁed  values  can  be  figured  out  after  calculation. This  stage  adopted 
elements with a threshold above 6, and the key evaluation items with thresholds below 6 were omitted. 
The evaluation items determined to be important after screening are listed in Table 3.  
 
Table 3: New evolution criteria after application of the fuzzy Delphi method 
Aspects  Criteria(Parameters)- Code Number  Score 
Min  Mean  Max  Defuzzification 
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(A)
 
 
 
 
 
Division of tasks and responsibilities  A1  5  7.4  9  7.1 
Working hours (planned)  A2  5  6.5  9  6.8 
Workload / Complexity of tasks   A3  3  6.4  9  6.1 
Rest hours (planned)   A4  3  7.2  9  6.4 
Procedures and standing orders  A5  3  6.2  9  6.1 
Communication   A6  3  6.3  9  6.1 
Onboard management and supervision    A7  3  6.3  9  6.1 
Organization of onboard training   A8  3  6.4  9  6.1 
Organization of onboard drills  A9  3  7  9  6.3 
Policy on recruitment       A10  3  6.4  9  6.1 
Management commitment to safety  A11  3  7.3  9  6.4 
Amount of logistic support from shore   A12  3  6.7  9  6.2 
Policy for worker motivation   A13  3  6.4  9  6.1 
Assignment of duties  A14  3  6.7  9  6.2 
S
h
ip
 
fa
c
to
r
s 
(B)
 
Design of ship and equipment   B1  5  7  9  7.0 
State of maintenance  B2  5  7.4  9  7.1 
Equipment   B3  5  7.2  9  7.1 
Cargo characteristics  B4  3  6.5  9  6.2 
En
v
iro
n
m
e
n
t 
 
(C)
 
 
Weather and sea conditions  C1  5  6.7  9  6.9 
Port and transit conditions   C2  5  6.8  9  6.9 
Traffic density  C3  5  6.2  9  6.7 
Heavy weather conditions   C4  5  6.6  9  6.9 
Regulations, surveys and inspections   C5  5  6.5  9  6.8 
Peo
p
le &
 
Wo
r
k
in
g
 
a
n
d
 
li
v
in
g
 
c
o
n
d
iti
o
n
s
 
(D)
 
Ability, skills, knowledge   D1  7  8.4  9  8.1 
Personality   D2  5  7  9  7.0 
Physical condition   D3  5  7.1  9  7.0 
Sleep and its quality   D4  5  7.6  9  7.2 
Personal abilities  D5  5  7.5  9  7.2 
Actual behavior at time of accident  D6  5  7.5  9  7.2 
Ergonomic design   D7  5  6  9  6.7 
Adequacy of living conditions   D8  3  6.5  9  6.2 
 
C) Establish a hierarchical framework: Based on the FDM, a general consensus among experts can be 
reached to establish a hierarchical structure. The Marine Accident Investigation can be evaluated based on 
4 evaluation aspects and 31 evaluation criteria or parameters (Fig. 2). 
 
D)  Interview  experts  and  integrate  their  opinions:  Provided  those  who  completed  the  AHP 
questionnaires possess sufficient professional knowledge and at least 20 years of experience in marine 
activities,  either  in  shipping  or  authorising  (government),  the  interviewees  were  experts  from  various 
related areas. The evaluation of each factor went through consistency verification to ensure preferable 
credibility of results. In order to increase the objectivity of results in this study, twenty experts were 
interviewed. In the past, the geometric mean method would be used to integrate the opinions of experts 
from  the  questionnaires,  but  the  unreasonable  integration  of  group  opinions  therein  would  produce Journal of Fuzzy Set Valued Analysis                                                                                                                                                                  11 of 17 
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incorrect results. Therefore, this study adopted the Similarity Aggregation Method (SAM) proposed by 
Hsu  and  Chen  (1996),  which  can  integrate  group  opinions  more  reasonably,  so  as  to  increase  the 
credibility of questionnaires [9], [11], [19], [24], [25], [34]. 
 
E) Calculate the weights of evaluation criteria and weight result of evaluation criteria: The weight 
values of various elements can be obtained through the opinions of experts resulting from the SAM and 
FAHP systematic steps. After sequencing, the evaluation criteria have greater signiﬁcance, so decision 
makers can make correct judgments more quickly.  
 
 
 
Figure 4: The Hierarchy model of Marine Accident Investigation 
Table 4 is the evaluation criteria weight by FAHP, obtained from the experts‟ responses to the FAHP 
questionnaire. Finally, the questionnaire responded by all experts were integrated to become the overall 
weight [3].  
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 Division of tasks and responsibilities 
 Working hours (planned) 
 Workload / Complexity of tasks  
 Rest hours (planned)  
 Procedures and standing orders 
 Communication  
 Onboard management and supervision   
 Organization of onboard training  
 Organization of onboard drills 
 Policy on recruitment      
 Management commitment to safety 
 Amount of logistic support from shore  
 Policy for worker motivation  
 Assignment of duties 
Organization of onboard effect 
and shore side management 
effect 
 
 
Ship factors effect 
 
 
Environmental effect 
 
 Design of ship and equipment  
 State of maintenance 
 Equipment  
 Cargo characteristics 
 
 Weather and sea conditions 
 Port and transit conditions  
 Traffic density 
 Heavy weather conditions  
 Regulations, surveys and inspections  
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 Personality  
 Physical condition  
 Sleep and its quality  
 Personal abilities 
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 Ergonomic design  
 Adequacy of living conditions  
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Table 4: Evaluation criteria weight of experts 
Aspects  Weights of 
Aspects 
C
r
iter
ia
 
Prio
r
ity
 
 
Weights of criteria   
 Fuzzy weights   
Defuzzificati
on 
 
Sort 
largest to 
smallest 
 
Ranking  Wi 
 
 
 
 
 
 
 
 (A) 
 
 
 
 
 
 
0.253 
 
 
 
 
 
 
 
A1  6  0.013  0.0353  0.1164  0.0376  0.0444  D1  1 
A2  16  0.012  0.0310  0.0997  0.0337  0.0389  D4  2 
A3  25  0.009  0.0297  0.1081  0.0306  0.0388  D5  3 
A4  14  0.011  0.0335  0.1167  0.0346  0.0380  B2  4 
A5  24  0.010  0.0291  0.0999  0.0308  0.0376  D6  5 
A6  29  0.009  0.0295  0.1008  0.0298  0.0376  A1  6 
A7  31  0.008  0.0294  0.0944  0.0287  0.0371  B3  7 
A8  26  0.009  0.0302  0.1000  0.0304  0.0361  B1  8 
A9  19  0.010  0.0330  0.1061  0.0330  0.0359  D2  9 
A10  30  0.009  0.0300  0.0942  0.0295  0.0359  D3  10 
A11  17  0.010  0.0342  0.1101  0.0332  0.0357  C1  11 
A12  27  0.009  0.0308  0.1034  0.0300  0.0352  C4  12 
A13  28  0.009  0.0297  0.1004  0.0298  0.0348  C2  13 
A14  22  0.010  0.0315  0.1010  0.0314  0.0346  A4  14 
(B) 
 
 
 
0.230 
 
B1  8  0.013  0.0332  0.1076  0.0361  0.0343  C5  15 
B2  4  0.014  0.0354  0.1111  0.0380  0.0337  A2  16 
B3  7  0.013  0.0345  0.1097  0.0371  0.0332  A11  17 
B4  23 
0.010  0.0305  0.1008  0.0310  0.0331  C3  18 
 
(C) 
 
 
 
 
 
0.216 
 
C1  11  0.013  0.0319  0.1115  0.0357  0.0330  A9  19 
C2  13  0.012  0.0323  0.1056  0.0348  0.0320  D7  20 
C3  18  0.012  0.0294  0.1019  0.0331  0.0316  D8  21 
C4  12  0.013  0.0315  0.1100  0.0352  0.0314  A14  22 
C5  15 
0.012  0.0307  0.1101  0.0343  0.0310  B4  23 
 
 (D) 
 
 
 
 
0.301 
 
D1  1  0.017  0.0405  0.1249  0.0444  0.0308  A5  24 
D2  9  0.013  0.0335  0.1030  0.0359  0.0306  A3  25 
D3  10  0.013  0.0340  0.1044  0.0359  0.0304  A8  26 
D4  2  0.014  0.0363  0.1158  0.0389  0.0300  A12  27 
D5  3  0.014  0.0355  0.1173  0.0388  0.0298  A13  28 
D6  5  0.013  0.0359  0.1100  0.0376  0.0298  A6  29 
D7  20  0.012  0.0286  0.0966  0.0320  0.0295  A10  30 
D8  21  0.010  0.0307  0.1005  0.0316  0.0287  A7  31 
 
For different aspects experts selected aspect (D) “People, working and living conditions, effect” (0.301), 
aspect (A) “Organization onboard and shore side management effect” (0.253), aspect (B) “Ship factors 
effect” (0.230), and the “ Environmental effect” aspect (0.216), respectively [24]. 
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Figure 5: The weights of Marine Accident Investigation Hierarchy Model 
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Figure 6: Influence parameters from most to least (criteria D1 to A7) 
 
6 Conclusions    
This study investigated the key factors in marine accident investigation by combining FDM and FAHP, 
and it established objective and standardized references. A total of 43 factors influencing marine accident 
investigation were analyzed through the investigation of FDM experts‟ opinions. Experts from government 
sectors, academia, and the shipping industry were interviewed, and 31 evaluation criteria were identified as 
the key factors (parameters) by the interviewed experts. The SAM and FAHP were used to integrate the 
experts‟ opinions in order to evaluate the significance of various evaluation criteria given by experts in 
group decision. The experts‟ responses were compared and analyzed. Finally, the responses of all experts 
were  used  as  the  evaluation  index  of  marine  accident  investigation.  The  following  conclusions  were 
reached in this study after analysis of the marine accident investigation evaluation criteria stressed by 
experts. The  proposed  method  enables  decision  analysts  to  better  understand the  complete  evaluation 
process. This approach provides a more accurate, effective, and systematic decision support tool [8]. 
The importance of the criteria was evaluated by experts, and the uncertainty of human decision-making 
was taken into account through the fuzzy concept in a fuzzy environment. From fuzzy AHP we found that 
31  out  of  43  criteria  for marine  accident  investigation  are  the  most  important,  and  four  aspects,  (A) 
Organization onboard effect and shore side management effect, (B) Ship factors effect, (C) Environmental 
effect, and (D) People, working and living conditions, effect, are the most important. These results are 
shown in Fig. 2. 
In this study we highlighted the most important parameters assumed to cause a marine accident in the 
processing of a marine accident investigation.  
 
1. Emphasis on four main aspects: 
The experts placed different stress on four aspects: aspect (D) has a higher weight  (0.301), probably 
because the experts include those of people factors, namely: (a) ability, skills, knowledge (b) personality, 
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(c) physical condition, (d) activities prior to accident occurrence, (e) assigned duties at time of accident 
occurrence, (f) actual behavior at time of accident occurrence, (h) attitude, and so on,. These are both 
outcomes of training and experience, mental condition, emotional state, medical fitness, use of drugs and 
alcohol, fatigue etc [23],[27].   
 
2. Emphasis on overall criteria (five high-ranking criteria): 
Experts paid much attention to the evaluation criteria in the (D) "People, working and living conditions, 
effect" aspect. The first, second, third, and fifth highest ranking criteria lied in aspect (D) as follows: The 
first highest ranking criterion is "Ability, skills, knowledge" (0.0444), the second highest is "Sleep and its 
quality  (0.0389) ",  the  third  is  ''Personal  abilities" (0.0388), and the fifth  highest ranking  criterion  is 
"Actual behavior at time of accident" (0.0376). The fourth highest ranking criterion, however, lied in 
aspect  (B)  "State  of  Maintenance"  (0.0380).  The  weight  of  aspect  (B)  "Ship  factors  effect"  (0.230), 
however, was third among the four evaluation criteria with which experts form their opinions [26]. 
 
3. Most concerning issue: 
As demonstrated in the current study, the main parameter in marine accident causation is "Ability, skills, 
knowledge" with a weight of (0.0444) overall in experts‟ opinions, because this is the most important 
element which directly effects all activities. Ability, skill, and knowledge are the outcomes of training and 
experience that workers collect over time. Their definitions are:  
ability: the power or capacity to do or act physically, mentally, legally, morally, financially, competently 
in an activity or occupation because of one's skill, training, or other qualification. 
Skill: the ability, coming from one's knowledge, practice, aptitude, etc., to do something well; competent 
excellence in performance; expertness; dexterity. 
Knowledge:  an  acquaintance  with  facts,  truths,  or  principles,  as  from  study  or  investigation;  general 
erudition. 
 
As we understand, these are potential factors in every human activity in any field, especially in marine 
transportation.  Therefore,  we  suggest  that  decision  makers  consider  them  while  planning,  organizing, 
directing, and training people for marine occupations [27].    
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